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The second term on the right-hand side in Eq. (1) is called the configurational integral, f is the number of degrees of freedom of an individual molecule.
Similarly, we can also write down the partition function Ζ for a multi-component system of indistinguishable molecules:
πν,Ή nt 14 exp Eyib + ^el + E nuc k B T dPi dp 2 ....dp N · J... Jexp 
For a system of many components the partition function Ζ /4,5,6/ can be written as a product of partition functions for individual terms:
VIBRATION PROPERTIES OF SOLIDS
Our thermodynamic system consists of Ν particles associated by attractive forces. Atoms in a crystal lattice are not motionless but they constantly thermally oscillate around their positions of equilibrium. At temperatures far below the melting point the motion of atoms is approximately harmonic /7,8,9/. This assembly of atoms has 3N-6 vibration degrees of freedom. Ignore 6 vibration degrees of freedom and mark the number of vibration degrees of freedom with 3N.
Through the knowledge of independent harmonic oscillators the distribution function Ζ /10/ can be derived as follows:
In Eq. (5) ν is the oscillation frequency of the crystal. The term hv/k is the Einstein temperature.
In comparing the experimental data for simple crystals, a relatively good matching with analytical calculations at higher temperatures is observed, whereas at lower temperatures the discrepancies are higher.
This is why Debye corrected Einstein's model by taking account of the interactions between a number of quantized oscillators. The Debye approximation treats a solid as an isotropic elastic substance. Using the canonical distribution the partition function may be written as: 
Using Eq. (6), Eq. (7) turns into the following expression: The Debye characteristic temperature was determined by means of the Griineisen independent constant γ:
where C is constant dependent on material.
We developed a mathematical model for the calculation of thermodynamic properties of polyatomic crystals. The derivations of the Einstein and Debye equations, outlined in the previous paragraphs, apply specifically to monoatomic solids, i.e. those belonging to the cubic system. However, experiments have
shown that the Debye equation represents the values of specific heat and other thermophysical properties for certain other monoatomic solids, such as zinc, which crystallizes in the hexagonal system. Suppose that the crystal contains Ν molecules, each composed of s atoms. Since there are Ns atoms, the crystal as a whole has 3Ns vibrational modes. A reasonable approximation is obtained by classifying the vibration into a) 3N lattice vibrations, which are the normal modes discussed in the Debye treatment (acoustical modes).
b) Independent vibrations of individual molecules in which bond angles and lengths may vary. There must be 3N(s-l) of these (optical modes). We expressed the optical modes using the Einstein model.
INFLUENCES OF ELECTRONS Electronic Gas in Metals
We are interested in electrons capable of moving in a crystal and not belonging to any individual atoms but entirely to the crystal. Such are, for example, conduction electrons in metals. A number of such electrons may be called electronic gas. Using the Fermi-Dirac statistics the configuration integral /7,10,13/ may then be calculated for temperatures lower than the Fermi temperature:
For metals the Fermi temperature is a few thousand kelvins. In Eq. (11) ε Ρ is Fermi energy.
Influence of Electron Excitation
To calculate the influence of electron excitation into excited states classical models of statistical thermodynamics may be used. The electron partition function for the technical range of temperatures and pressures can be written as follows: z e .= gel(0)+gel(l) ex P \\ (13) In Eq. (13) 9 t .| is electronic characteristic temperature, gei (0 ) and gci ( i) are the degrees of degeneration of the basic and the first excited state.
CRYSTAL BONDS
The bonds between the atoms or molecules in a crystal are of electrostatic nature. They are based upon 2) Ionic bonds occur due to interactions between ions of opposite charge, which results in an arranged threedimensional structure. In sodium chloride each Na + ion is surrounded by six CI* ions and each CI" ion by six Na' ions, which means that the NaCl molecule is actually nonexistent. The ionic bond is spherically symmetrical and nondirectional. This means that the ion will be surrounded by as many ions of opposite charge as possible, whereby full electrical neutrality must obviously be preserved. What is characteristic of this type of bond is high melting point, relative hardness of material and solvability in all-polar liquids.
3) Covalent or strong bond is formed if one or more electrons are shared between two atoms. These common electrons, most of the time located between the two atoms, cause the attraction of the two atoms as well as a reduction in the energy of the system. Typical of this bond is very high hardness, high melting point and insolubility in almost all liquids.
4)
Metallic bond occurs in metallic crystals with external valence electrons relatively weakly bound to the nucleus of the atom. In the formation of a solid substance the atoms approach so closely that these valence electrons desert their atoms and can move freely over the entire crystal. This type of binding is characterized by elasticity and forgeability of material, metallic glaze, good electrical and heat conduction.
5)
Hydrogen bond, which plays an important role in ice, hydrates of salt, is formed in polar parts of molecules where hydrogen is present.
The analytical calculation of configuration integral in solids is a very difficult task. Most frequently numerical procedures are applied in practical computations by means of the Monte-Carlo method.
Nevertheless, the presented method requires a lot of computer time, another serious drawback also being that it does not provide a functional dependence of thermodynamic properties on temperature and volume.
Empirical equations /6/ are frequently used as well, though mostly without any theoretical basis built on a molecular view of the world. In the paper presented we used the perturbation VDW theory for solids around the model of hard spheres to calculate the thermodynamic properties of state. In order to calculate the mixtures of atoms of hard spheres we obtain the configuration free energy for a certain binary crystal: 
RESULTS AND DISCUSSION
The presented mathematical model was used to calculate thermodynamic properties of state of some solids, namely:
1. Copper (Cu), as a typical representative of metallic bond.
2. Sodium chloride (NaCl), as a typical representative of ionic bond. Tables 1 and 2 show the comparison between analytical calculations and experimental values. Presented are the results of isentropic and isothermal elastic modulus for copper and sodium chloride.
The comparison of results showed a very good matching with experimental data, particularly for copper.
Somewhat less optimum is the matching of analytical calculations with experimental data, such as NaCl. The reason for such a high discrepancy between the measured and calculated results lies in the complex structure 
